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(54) Output control 
pick-up 



for optical pick-up and method for controlling output of the optical 



(57) An output control device for an optical pick-up 
used in an optical disc drive for reproducing and record- 
ing an optical disc is disclosed. The optical pick-up is 
adapted to project light having a quantity of light of 
either high level or low level to the optical disc. The out- 
put control device includes a photodiode having a plu- 
rality of light receiving regions for receiving reflected 
light from the optical disc and then outputting electrical 
currents responsive to the quantity of light at the respec- 
tive light receiving regions; a current-voltage converting 
circuit having a first current-voltage converting section 
for converting the currents supplied from the photodiode 



into voltages through a predetermined amplification fac- 
tor and a second current-voltage converting section for 
converting the currents supplied from the photodiode 
into voltages through a predetermined amplification fac- 
tor which is lower than that of the first current-voltage 
converting section; and switches which are adapted to 
supply the currents from the photodiode to the second 
current-voltage converting section when the quantity of 
the reflected light from the optical disc is in the high 
level. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an output con- 
trol device for an optical pick-up (optical head) used in 
an optical disc drive and a method for controlling output 
of the optical pick-up. * 

Description of the Related Art 

[0002] There are known optical disc drives for repro- 
ducing (playing back) a read only optical disc such as a 
CD-ROM, and for recording and reproducing a recorda- 
ble optical disc such as CD-R and CD-RW. 
[0003] Such an optical disc drive has an optical pick- 
up which is movable in the radial direction of the optical 
disc, and an optical pick-up moving mechanism 
equipped with a sled motor for moving the optical pick- 
up in the radial direction of the optical disc. 
[0004] The optical pick-up is constructed from an opti- 
cal pick-up main body (an optical pick-up base) which is 
equipped with a laser diode, a split photodiode and an I- 
V amplifier, an objective lens supported by the optical 
pick-up main body with suspension springs so as to be 
movable in the radial direction as well as in the rota- 
tional axis direction of the optical disc, and an actuator 
for moving the objective lens in the radial direction and 
in the rotational axis direction of the optical disc. 
[0005] In such an optical disc drive, recording of data 
to the optical disc and reproduction (read-out) of data 
from the optical disc are carried out for a predetermined 
track while performing focus control, tracking control 
and the like. 

[0006] Fig. 11 is a circuit diagram which shows a split 
photodiode and l-V amplifiers used in a conventional 
optical disc drive. As shown in the drawing, a split pho- 
todiode 110 is electrically connected to each of l-V 
amplifiers 121, 122, 123, 124, 125 and 126, respec- 
tively. 

[0007] For recording and reproducing an optical disc, 
a laser beam is projected toward the optical disc from a 
laser diode (which are not shown in the drawing). 
[0008] In this case, when the data is to be reproduced 
from the optical disc, the output level of the laser beam 
projected toward the optical disc is set to a reproduction 
level, and the quantity of reflected light from the optical 
disc goes to a low level. 

[0009] On the other hand, when the data is to be writ- 
ten onto the optical disc by forming pits and lands, the 
output level of the laser beam is controlled as follows. 
Namely, when the pits are to be formed, the output level 
of the laser beam is raised to a recording level (about 1 0 
to 30 times the reproduction level), and the quantity of 
reflected light from the optical disc goes to a high level. 
On the other hand, when no pits are to be formed (that 



is, when lands are to be formed), the output level of the 
laser beam is lowered to the reproduction level, and the 
quantity of reflected light from the optical disc goes to 
the low level. 

s [0010] The reflected light from the optical disc (laser 
beams) is received by light receiving regions 111, 112, 
1 13, 1 14, 1 1 5, and 11 6 of the split photodiode 1 1 0, and 
currents corresponding to the quantities of received 
light at respective regions 1 1 1 to 1 16 of the split photo-. 

10 diode 1 1 0 are outputted. 

[001 1 ] The currents from the split photodiode 1 1 0 are 
amplified with predetermined amplification factors and 
converted into voltages by the respective l-V amplifiers 
121, 122, 123, 124. 125 and 126, and then inputted into 

15 predetermined post stage circuits. 

[0012] In the case of an optical disc drive which is 
capable of only performing reproduction of an optical 
disc , since the output level of the laser beam projected 
to the optical disc is constant (at the reproduction level) 

20 as mentioned above, variations in the currents from the 
split photodiode 1 10 are relatively small. 
[0013] On the other hand, however, in the case of an 
optical disc drive which is capable of performing both of 
recording and reproduction of an optical disc, the output 

25 level of the laser beam projected to the optical disc 
when recording is being carried out is about 10 to 30 
times that of reproduction as mentioned above. There- 
fore, there may arise a problem that the dynamic ranges 
of the l-V amplifiers are insufficient to deal with the cur- 

30 rents. 

[0014] In other words, in the case of an optical disc 
drive capable of performing both of recording and repro- 
duction, if the amplification factor of respective l-V 
amplifier is set at a relatively high value so as to be suit- 

35 able for reproduction and then a current is converted 
into a voltage for recording by the l-V amplifier having 
such a setting, the high voltage side of the voltage 
waveform is likely to be truncated, which may give rise 
to a situation in which the correct voltage corresponding 

40 to the received quantity of light is not obtained. This may 
also cause an inconvenience in various controls that are 
to be carried out in the recording operation. 
[001 5] On the other hand, if the amplification factor of 
the l-V amplifier is set at a relatively low value suitable 

45 for recording, the voltage (signal level) outputted from 
the l-V amplifier becomes too low at reproduction. This 
may case an inconvenience in various controls that are 
to be carried out in the reproducing operation 
[0016] These problems may be resolved by using an 

so l-V amplifier with a relatively wide dynamic range, but it 
also has certain restrictions. 

SUMMARY OF THE INVENTION 

55 [001 7] Accordingly, it is an object of the present inven- 
tion to provide an output control device for an optical 
pick-up which is capable of properly performing record- 
ing (including control for recording) and reproduction 
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(including control for reproduction) in an optical disc 
drive. 

[0018] In order to achieve the object, the present 
invention is directed to an output control device for an 
optical pick-up used in an optical disc drive for recording 5 
and reproducing an optical disc, in which the optical 
pick-up being adapted to project light having a quantity 
of light of either high level or low level to the optical disc. 
The output control device comprises light receiving 
means having a plurality of light receiving regions for 10 
receiving reflected light from the optical disc and then 
outputting electrical currents responsive to the quantity 
of light received at the respective light receiving regions; 
current-voltage converting means having a first current- 
voltage converting section for converting the currents is 
supplied from the light receiving means into voltages 
through a predetermined amplification factor; and cur- 
rent supply changeover means which functions so as 
not to supply the currents from the light receiving means 
to the first current-voltage converting section when the 20 
quantity of the reflected light from the optical disc is in 
the high level. 

[0019] In the present invention, it is preferred that the 
current-voltage converting means further comprises a 
second current-voltage converting section for convert- 25 
ing at least a part of the currents supplied from the light 
receiving means into voltages through a predetermined 
amplification factor which is lower than that of the first 
current-voltage converting section, and the current sup- 
ply changeover means is adapted to supply the part of 30 
the currents from the light receiving means to the sec- 
ond current-voltage converting section of the current- 
voltage converting means when the quantity of the 
reflected light from the optical disc is in the high level. 
[0020] According to the output control device for the 35 
optical pick-up described above, since a part of the cur- 
rents from the light receiving means is supplied to the 
second current-voltage converting section of the cur- 
rent-voltage converting means when the quantity of the 
reflected light from the optical disc is in the high level, it 40 
is possible to prevent insufficiency in the dynamic range 
of the current-voltage converting means. 
[0021] In particular, a voltage (signal) with a relatively 
high level and correctly responsive to the quantity of 
received light at the light receiving region can be 45 
obtained, thereby enabling to perform various controls 
securely and reliably during the recording and reproduc- 
tion operations. 

[0022] In the present invention, it is also preferred that 
the current supply changeover means comprises main so 
paths for supplying the currents from the light receiving 
means to the first current-voltage converting means; 
branch paths which are respectively branched from the 
main paths at branch portions for supplying the currents 
from the light receiving means to a part other than the 55 
first current-voltage converting section; and selection 
means for selecting either of the main paths or the 
branch paths to which the currents from the light receiv- 



ing means are to be supplied, wherein the selection is 
made by the selection means so as to supply the cur- 
rents from the light receiving means to the main paths 
when the quantity of reflected light from the optical disc 
is in the low level or so as to supply the currents from the 
light receiving means to the branch paths when the 
quantity of reflected light from the optical disc is in the 
high level. 

[0023] According to the above configuration, when the 
output level of the laser beam is at the reproduction 
level, that is, when the quantity of reflected light from the 
optical disc is at the low level, the currents from the light 
receiving means such as a split photodiode flow in the 
main paths. On the other hand, when the output level of 
the laser beam is at the recording level, that is, when the 
quantity of reflected light from the optical disc is at the 
high level, the currents flow in the branch paths 
branched from the main paths via branch points. There- 
fore, it is possible to avoid the situation in which the 
dynamic ranges of the first current-voltage converting 
circuits are insufficiently narrow. 

[0024] Further, it is more preferable that the branch 
paths include a first path connected to the second cur- 
rent-voltage converting section and a second path con- 
nected to a part other than the first and second current- 
voltage converting sections, and the currents from the 
light receiving means corresponding to the main beam 
reflected from the optical disc are adapted to be sup- 
plied to the second current-voltage converting section 
through the first path when the quantity of light reflected 
from the optical disc is in the high level. 
[0025] Furthermore, it is also preferred that the cur- 
rents from the light receiving means corresponding to 
the sub-beams reflected from the optical disc are 
adapted to be outputted from the current-voltage con- 
verting means through the second path without passing 
through the first and second current-voltage converting 
sections. 

[0026] In the present invention, it is preferred that the 
selection means is constructed from a plurality of 
switches, and each of the switches is provided at each 
of the branch portions for selectively switching between 
the conducting state of the light receiving means and 
each of the main paths at the respective branch portions 
and the conducting state of the light receiving means 
and each of the branch paths at the respective branch 
portions. 

[0027] Further, it is also preferred that the output con- 
trol device further comprises a sample-and-hold circuit 
for holding voltages from the first current-voltage con- 
verting section when the quantity of light reflected from 
the optical disc is in the high level. 
[0028] When such a sample-and-hold circuit which is 
capable of holding the voltages from the first current- 
voltage converting section is provided, it is possible to 
more surely and reliably perform the controls during the 
recording and reproduction operations. 
[0029] Furthermore, in the present invention, it is also 
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preferred that the light receiving means, the current- 
voltage converting means and the current supply 
changeover means are integrally formed into a single 
unit. In this case, the number of part items can be 
reduced, and hence its assembly to the optical disc 5 
drive 1 can be facilitated. 

[0030] Another aspect of the present invention is 
directed to a method for controlling output of an optical 
pick-up used in an optical disc drive for recording and 
reproducing an optical disc, the optical pick-up being 10 
adapted to project light having a quantity of light of 
either high level or low level to the optical disc. The 
method comprises the steps of: receiving light reflected 
from the optical disc by light receiving means having a 
plurality of light receiving regions and then outputting 15 
electrical currents responsive to the quantity of reflected 
light at the respective light receiving regions; and sup- 
plying the currents from the light receiving means to a 
first current-voltage converting section having a prede- 
termined amplification factor when the quantity of light 20 
reflected from the optical disc is in the low level, while 
supplying the currents from the light receiving means to 
a second current-voltage converting section having a 
predetermined amplification facto which is lower than 
that of the first current-voltage converting section with- 25 
out supplying them to the first current-voltage convert- 
ing section when the quantity of light reflected from the 
optical disc is in the high level. 

[0031] In this method, it is preferred that the currents 
from the light receiving means are supplied to the first 30 
current-voltage converting section when lands are to be 
formed during recording to the optical disc, while the 
currents from the light receiving means are supplied to 
the second current-voltage converting section without 
supplying them to the first current-voltage converting 35 
section when pits are to be formed during the recording 
to the optical disc. 

[0032] In this case, it is preferred that the currents 
from the light receiving means corresponding to the 
main beam reflected from the optical disc are adapted 40 
to be supplied to the second current-voltage converting 
section when the quantity of light reflected from the opti- 
cal disc is in the high level. Further, it is more preferable 
that the currents from the light receiving means corre- 
sponding to the sub-beams reflected from the optical 45 
disc are adapted to be outputted from the cur rent- volt- 
age converting means without passing through the first 
and second current-voltage converting sections. 
[0033] Other objects, structures and results of the 
present invention will be apparent when the following so 
description of the preferred embodiments are consid- 
ered taken in conjunction with the accompanying draw- 
ings. 
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BRIEF DESCRIPTION OF THE DRAWEINGS 
[0034] 

Fig. 1 is a block diagram which shows an example 
of a structure of an optical disc drive equipped with 
an output control device for an optical pick-up used 
in an optical disc drive according to the present 
invention. 

Fig. 2 is an illustration which shows positional rela- 
tionship between the split photodiode and the 
reflected light of the laser beam which has been 
projected toward an optical disc and then reflected 
therefrom. 

Fig. 3 is a circuit diagram of a first embodiment of 

the output control device for the optical-pick up 

according to the present invention. 

Fig. 4 is a timing chart which shows operating state 

of the optical disc drive of the according to the 

present invention and various signals relating 

thereto. 

Fig. 5 is a circuit diagram which shows the opera- 
tion state of the output control device for the optical 
pick-up shown in Fig. 3 where the output level of the 
laser beam being projected to the optical disc is in 
the reproduction level. 

Fig. 6 is a circuit diagram which shows the operat- 
ing state of the output control device for the optical 
pick-up shown in Fig. 3 where the output level of the 
laser beam being projected to the optical disc is in 
the recording level. 

Fig. 7 is a circuit diagram which shows a second 
embodiment of the output control device for the 
optical pick-up according to the present invention. 
Fig. 8 is a block diagram which shows an example 
of a structure of a main portion of an optical disc 
drive according to the present invention. 
Fig. 9 is a circuit diagram which shows a third 
embodiment of the output control device for the 
optical pick-up according to the present invention. 
Fig. 10 is a circuit diagram which shows a fourth 
embodiment of the output control device for the 
optical pick-up according to the present invention. 
Fig. 11 is an illustration which shows a split photo- 
diode and l-V amplifiers used in the conventional 
optical disc drive. 

THE DETAILED DESCRIPTION OF THE PRE- 
FERRED EMBODIMENTS 

[0035] In the following, an output control circuit (output 
control device) for an optical pick-up according to the 
present invention will be described in detail based on 
the preferred embodiments shown in the accompanying 
drawings. 

[0036] Fig. 1 is a block diagram showing an example 
(a main part only) of an optical disc drive provided with 
the output control device (circuit) for the optical pick-up 
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according to this invention. 

[0037] The optical disc drive 1 shown in Fig. 1 is a CD- 
R drive for performing recording and reproduction of an 
optical- disc (CD-R) 2. 

[0038] In the optical disc 2, there is formed a spiral 
pre-groove (wobble) which is not shown in the drawing. 
[0039] The pre-groove is recorded with an absolute 
time in pre-groove (ATIP) information which is time infor- 
mation, and meanders with a prescribed period 
(22.05kHz for the basic speed). 
[0040] The pre-groove functions as a guide groove at 
the time of formation of pits and lands (performing 
recording operation) on the optical disc 2. The pre- 
groove is utilized for controlling the rotation speed of the 
optical disc 2 and specifying the recording position 
(absolute time) on the optical disc 2, and the like. 
[0041 ] The optical disc drive 1 is provided with a turn- 
table and a spindle motor 1 1 for rotating the turntable, 
and has a rotation drive mechanism, not shown, for 
loading the optical disc 2 on the turntable and rotating it. 
[0042] In addition, the optical disc drive 1 includes an 
optical pick-up (optical head) 3 which can move in the 
radial direction of the loaded optical disc 2 (radial direc- 
tion of the turntable), an optical pick-up moving mecha- 
nism equipped with a sled motor 7 for moving the optical 
pick-up 3 in the radial direction, a sample-and-hold cir- 
cuit (holding circuit) 8, a control means 9 and a casing 
(not shown in the drawing) for accommodating these 
components. In the following, the radial direction of the 
optical disc 2 will simply be referred to as "radial direc- 
tion". 

[0043] The optical pick-up 3 includes an optical pick- 
up main body (optical pick-up base) which is provided 
with a laser diode as a light source (not shown), a split 
photodiode as a light receiving part 5 and an l-V ampli- 
fier 6, and an objective lens as a focusing lens (not 
shown). The split photodiode 5 and the l-V amplifier 6 
will be described later in more detail. 
[0044] The objective lens is supported by suspension 
springs (not shown) provided on the optical pick-up 
main body such that it can be moved in each of the 
radial direction and the direction of the rotational axis of 
the optical disc 2 (turntable). If the objective lens devi- 
ates from its neutral position (midpoint), the objective 
lens is adapted to be returned toward the neutral posi- 
tion by the restoring force of the suspension springs. In 
the following, the direction of the rotational axis of the 
optical disc 2 will simply be referred to as the rotational 
axis direction. 

[0045] The optical pick-up 3 also has an actuator 4 
which moves the objective lens, in resistance to the 
restoring force of the suspension springs, in each of the 
radial direction and the rotational axis direction with 
respect to the optical pick-up main body. 
[0046] A control means 9 is normally composed of a 
microcomputer (CPU), and controls various compo- 
nents and circuits of the optical disc drive 1 such as the 
optical pick-up 3 (actuator 4, laser diode and the like), 



the sled motor 7, the spindle motor 1 1 and the sample- 
and-hold circuit 8 and the like. 

[0047] An external device (for example, a personal 
computer) is connected to the optical disc drive 1 in a 
5 freely disconnectable manner via an interface, thereby 
permitting communication of the optical disc drive 1 with 
the external device. 

[0048] Fig. 2 is a schematic diagram showing the posi- 
tional relationship between the reflected beams of the 

10 laser beam which has been projected to the optical disc 
2 and the split photodiode 5 during recording or repro- 
ducing operation. Fig. 3 is a circuit diagram showing a 
first embodiment of the output control device for the 
optical pick-up according to this invention. 

is [0049] As shown in these drawings, this optical disc 
drive 1 adopts the differential push pull (DPP) system 
for the optical pick-up. Therefore, when recording or 
reproduction is carried out, a main beam is projected to 
a pre-groove 31 formed on the optical disc 2, one of the 

20 two sub-beams is projected to one of the lands 32 adja- 
cent to the pre-groove 31, and the other sub-beam is 
projected to the other land 33 adjacent to the pre-groove 
31. 

[0050] The split photodiode 5 has four light receiving 
25 regions 51, 52, 53, and 54 which receive the reflected 
light of the main beam which has been projected to the 
optical disc 2, two light receiving regions 55 and 56 
which receive the reflected light of one of the two sub- 
beams, and light receiving regions 57 and 58 which 
30 receive the reflected light of the other of the two sub- 
beams. In the thus constructed photodiodes, the cur- 
rents la, lb, Ic, Id, la, If, Ig and Ih corresponding to the 
quantities of received light at respective light receiving 
regions 51 , 52, 53, 54, 55, 56, 57 and 58 are outputted 
35 from output terminals 511, 512, 513, 514, 515, 1516, 
517 and 518, respectively. 

[0051 ] In this regard, it is to be noted that a voltage Vp 
of a prescribed level (for example +5V) is applied to the 
cathode of each diode of the split photodiode 5. 

40 [0052] The l-V amplifier 6 is a device in which a switch 
part (current supply changeover means) 21 and a cur- 
rent-voltage converting means 22 are integrally pro- 
vided. In this case, the switch part 21 is provided on the 
input side, and the current-voltage converting means 22 

45 is provided on the output side. 

[0053] The switch part 21 is constructed from six 
changeover switches 211, 212, 213, 214, 215 and 216, 
and each changeover switch 211 to 216 is composed of 
an analog switch, for example. The operation of each of 

so the switches 211 to 216 is controlled by a control signal 
from the control means 9. 

[0054] The current-voltage converting means 22 is 
composed of a first current-voltage converting and 
amplifying section having six circuits (first current-volt- 
55 age converting circuits) 221, 222, 223, 224, 225 and 
226, and a second current-voltage converting and 
amplifying section (second current-voltage converting 
circuit) 227. In the following, the first and second cur- 
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rent-voltage converting and amplifying sections will sim- 
ply be referred to as "current-voltage converting 
section", respectively. 

[0055] Each of the current-voltage converting circuits 
221 to 227 is composed of a differential amplifier 
equipped with an operational amplifier. 
[0056] A reference voltage V ref (for example, +2.5V) of 
a predetermined level is applied to the non-inverting 
input terminal of each of the current-voltage converting 
circuits 221 to 227. 

[0057] Various conditions such as the amplification 
factor of each of the current-voltage converting circuits 
221 to 226 are set so as to be able to convert the current 
outputted from the corresponding output terminal (light 
receiving region) of the split photodiode 5 to a neces- 
sary and sufficient level of voltage when the output level 
of the laser beam being projected to the optical disc 2 is 
in the reproduction level (low level), namely, when the 
quantity of reflected light from the optical disc 2 is at the 
low level. 

[0058] In this case, since the output level of the laser 
beam being projected to the optical disc 2 is in the 
reproduction level, namely, the quantity of reflected light 
from the optical disc 2 is at the low level, the dynamic 
range of the cur rent- voltage converting circuits 221 to 
226 is sufficiently wide for the operation. 
[0059] Further, in the same manner as the current- 
voltage converting circuits 221 to 226, conditions such 
as the amplification factor of the current-voltage conver- 
sion circuit 227 are set so as to be able to convert the 
current outputted from the corresponding output termi- 
nal (light receiving region) of the split photodiode 5 to a 
corresponding voltage correctly (so as to have suffi- 
ciently wide dynamic range) when the output level of the 
laser beam projected to the optical disc 2 is in the 
recording level (high level), namely, when the quantity of 
reflected light from the optical disc 2 is at the high level. 
[0060] In this case, since the output level of the laser 
beam being projected to the optical disc 2 is in the 
recording level, namely, the quantity of reflected light 
from the optical disc 2 is at the high level, it is possible 
to convert the current outputted from the corresponding 
output terminal (light receiving region) of the split photo- 
diode 5 to a voltage of necessary and sufficient level. 
[0061] The amplification factor of the current-voltage 
converting section 227 is set to be smaller than the 
amplification factor of the current-voltage converting cir- 
cuits 221 to 226. 

[0062] A power supply (power circuit) which is not 

shown in the drawing supplies a power with voltage of 

v cc (f° r example, +5V) to the l-V amplifier 6. 

[0063] In this embodiment, the l-V amplifier 6 and the 

sample-and-hold circuit 8 constitute an output control 

device of an optical pick-up according of the present 

invention. 

[0064] Next, the operation of the optical disc drive 1 
will be described. 

[0065] The optical disc drive 1 carries out recording 



(writing) and reproduction (reading) of data to and from 
the optical disc 2 while performing focus control, track- 
ing control, sled control and rotation number control 
(rotational speed control) and the like. 

5 [0066] First, the overall operating of the optical disc 
drive 1 at recording or reproduction will be described 
briefly, then the operation of the output control circuit of 
the optical pick-up will be described. 
[0067] When recording is to be carried out, the pre- 

10 groove formed in the optical disc 2 is reproduced (read 
out), and then data (signals) are recorded along thepre- 
groove. 

[0068] When data (signals) to be recorded onto the 
optical disc 2 are inputted via an interface (not shown), 

15 the data are encoded and modulated according to a 
method so called as eight to fourteen modulation (EFM) 
to be converted into ENCODE EFM signals. 
[0069] The control means 9 controls the operation of 
the laser diode of the optical pick-up 3 based on the 

20 ENCODE EFM signals. 

[0070] More specifically, the control means 9 controls 
the output level of the laser beam so as to be at the 
recording level during the period when the level of the 
ENCODE EFM signal is at high level (Hi), and controls 

25 the output level of the laser beam so as to be at the 
reproduction level during the period when the level of 
the ENCODE EFM signal is at low level (Lo). 
[0071] With this arrangement, a pit with a predeter- 
mined length is written to the optical disc 2 when the 

30 ENCODE EFM signal is at the high level (Hi), and no pit 
is written (a land with a predetermined length is formed) 
to the optical disc 2 when the ENCODE EFM signal is at 
the low level (Lo). In this way, data are written to 
(recorded in) a specified track of the optical disc 2. 

35 [0072] When the written data is to be reproduced, the 
control means 9 controls the operation of the laser 
diode of the optical pick-up 3 so as to bring the output 
level of the laser beam to the reproduction level (low 
level). 

40 [0073] Then, a laser beam of the reproduction level is 
projected from the laser diode of the optical pick-up 3 to 
the specified track of the optical disc 2. The laser beam 
is reflected by the optical disc 2 and then the reflected 
light is received by the split photodiode 5 of the optical 

45 pick-up 3. 

[0074] Currents corresponding to the quantities of 
received light are outputted from the split photodiode 5. 
Then, the currents are converted into voltages and 
amplified according to a prescribed amplification factor 

so by the l-V amplifier 6, and then thus converted voltages 
are outputted from the optical pick-up 3. 
[0075] By performing addition and amplification of the 
detected signals, that is, the voltages outputted from the 
optical pick-up 3, HF (RF) signals are generated. These 

55 HF signals are analog signals responsive to the pits and 
lands written onto the optical disc 2. 
[0076] These HF signals are digitized and EFM 
demodulated, and then decoded (converted) to data 
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(data signals) of predetermined format. 

[0077] These data signals are then decoded to data of 
predetermined format for communication (transmis- 
sion), and are transmitted to an external device such as 
a personal computer via the interface which is not 
shown. 

[0078] Next, the operation of the output control device 
for the optical pick-up of this embodiment will be 
described. 

[0079] When data is to be recorded or reproduced, a 
laser beam is projected to the optical disc 2 as men- 
tioned above. Namely, as shown in Fig. 2, the pre- 
groove 31 is irradiated with the main beam, one land 32 
is irradiated with one of the sub-beams of the two sub- 
beams, and the other land 33 is irradiated with the other 
sub-beam. 

[0080] The main beam is reflected by the pre-groove 

31. The reflected light is received by the light receiving 
regions 51 , 52, 53 and 54 of the split photodiode 5, and 
the currents la. lb, Ic and Id corresponding to the quan- 
tities of received light at the light receiving regions 51, 
52, 53 and 54 are outputted from output terminals 51 1, 
512, 513 and 514, respectively. 

[0081 ] One of the sub-beams is reflected by the land 

32. The reflected light is received by the light receiving 
regions 55 and 56 of the split photodiode 5, and cur- 
rents le and If corresponding to the quantities of 
received light at the light receiving regions 55 and 56 
are outputted from output terminals 515 and 516, 
respectively. 

[0082] The other sub-beam is reflected by the land 33. 
The reflected light is received by the light receiving 
regions 57 and 58 of the split photodiode 5, and cur- 
rents Ig and Ih corresponding to the quantities of 
received light at the light receiving regions 57 and 58 
are outputted from outputted terminals 517 and 518, 
respectively. 

[0083] The currents la, lb, Ic and Id are inputted to the 
l-V amplifier 6 through input terminals 611, 612, 613 
and 61 4, respectively. 

[0084] The currents le and Ig are summed to Is-j, and 
it is inputted to the l-V amplifier 6 through an input termi- 
nal 615. 

[0085] In addition, the currents If and Ih are summed 
to ls 2 . and it is inputted to the l-V amplifier 6 through an 
input terminal 616. 

[0086] Fig. 4 is a timing chart showing the operating 
states and the signals of various kinds of the optical disc 
drive 1 ; Fig. 5 is a circuit diagram showing the state of 
the output control device for the optical pick-up shown in 
Fig. 3 when the output level of the laser beam being pro- 
jected to the optical disc 2 is in the reproduction level; 
and Fig. 6 is a circuit diagram showing the state of the 
output control device for the optical pick-up shown in 
Fig. 3 when the output level of the laser beam being pro- 
jected to the optical disc 2 is in the recording level. 
[0087] When data is to be reproduced, namely, when 
the operating state of the optical disc drive 1 is in the 



reproduction state, as shown in Fig. 4, the output level 
of the laser beam being projected to the optical disc 2 is 
in the reproduction level as mentioned above. 

[0088] In this case, the quantity of reflected light from 

5 the optical disc 2 goes to the low level, and the currents 
la, lb, Ic, Id, Is-i (= le + Ig) and ls 2 (= If + Ih) are respec- 
tively at the low levels, as shown in Fig. 4. 
[0089] In addition, the control means 9 changes over 
the level of the control signal (voltage) for the changeo- 

10 ver switches to the low level. 

[0090] As a result, the changeover switches 21 1 to 
216 are switched so that on input terminal 61 1 (the out- 
put terminal 51 1) and a main path 231 , an input terminal 
612 (the output terminal 512) and a main path 232, an 

15 input terminal 613 (the input terminal 513) and a main 
path 233, an input terminal 614 (the output terminal 
514) and a main path 234, an input terminal 615 (the 
output terminals 515 and 517) and a main path 235, and 
an input terminal 616 (the output terminals 516 and 

20 518) and a main path 236 are in conductive state, 
respectively, and the input terminal 611 (the output ter- 
minal 511) and a branch path (bypass) 237, the input 
terminal 612 (the output terminal 512) and the branch 
path 237, the input terminal 613 (the output terminal 

25 513) and the branch path 237, the input terminal 614 
(the output terminal 514) and the branch path 237, the 
input terminal 615 (the output terminals 515 and 517) 
and a branch path (bypass) 238, and the input terminal 
616 (the output terminals 516 and 518) and the branch 

30 path 238 are in nonconductive state, respectively, as 
shown in Fig. 5. 

[0091 ] In this state, the currents la to ls 2 are inputted 
to the current-voltage converting circuits 221 to 226 
through the main paths 231 to 236, respectively. 

35 [0092] More specifically, the currents la, lb, Ic, Id, ls 1 
and IS2 are converted at the current-voltage converting 
circuits 221, 222, 223, 224, 225 and 226, into voltages 
Va, Vb, Vc, Vd, Vs-j and Vs 2> respectively, in response to 
the feedback resistors (feedback resistances) of the 

40 current-voltage converting circuits 221 to 226 with a ref- 
erence voltage V ref as the reference. 
[0093] Thus obtained voltages Va to Vs 2 are outputted 
respectively from the l-V amplifier 6, that is, from the 
optical pick-up 3. 

45 [0094] In this connection, it is to be noted that Since 
the input terminal 611 and the branch path 237, the 
input terminal 612 and the branch path 237, the input 
terminal 61 3 and the branch path 237, the input terminal 
614 and the branch Path 237, the input terminal 615 

50 and the branch path 238, and the input terminal 616 and 
the branch path 238 are respectively in nonconductive 
state, no current flows in the branch paths 237 and 238. 
[0095] As shown in Fig. 1 , the voltages Va to Vs 2 are 
respectively inputted into the sample-and-hold circuit 8 

55 from the optical pick-up 3, but these voltages merely 
pass through the circuit 8 to be sent to the prescribed 
circuits. 

[0096] Moreover, when data is to be recorded , namely, 
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when the operating state of the optical disc drive 1 is in 
the recording state, as shown in Fig. 4, the output level 
of the laser beam being projected to the optical disc 2 is 
switched alternately between the recording level for 
forming pits and the reproduction level for forming lands 
in response to the data to be recorded in the optical disc 

2, as mentioned above. 

[0097] When the operating state of the optical disc 
drive 1 is in the recording state and the output level of 
the laser beam being projected to the optical disc 2 is in 
the recording level for forming a pit, the quantity of 
reflected light from the optical disc 2 goes to the high 
level, and the currents la, lb, Ic, Id, Is-j and IS2 respec- 
tively go to the high level as shown in Fig. 4. 
[0098] Moreover, the control means 9 switches the 
level of the control signal (voltage) of the changeover 
switch to the high level (Hi). 

[0099] In this way, the changeover switches 21 1 to 21 6 
are switched so that the input terminal 61 1 (the output 
terminal 51 1) and the main path 231, the input terminal 
612 (the output terminal 512) and the main path 232, 
the input terminal 613 (the input terminal 513) and the 
main path 233, the input terminal 614 (the output termi- 
nal 514) and the main path 234, the input terminal 615 
(the output terminals 515 and 517) and the main path 
235, the input terminal 616 (the output terminals 516 
and 518) and the main path 236 are in nonconductive 
state, respectively, and the input terminal 61 1 (the out- 
put terminal 51 1 ) and the branch path 237, the input ter- 
minal 61 2 (the output terminal 51 2) and the branch path 
237, the input terminal 613 (the output terminal 513) 
and the branch path 237, the input terminal 614 (the 
output terminal 514) and the branch path 237, the input 
terminal 615 (the output terminals 515 and 517)and the 
branch path 238, and the input terminal 616 (the output 
terminals 516 and 518) and the branch path 238 are in 
conductive state, respectively, as shown in Fig. 6. 
[0100] As a result, the currents la, lb, Ic and Id are 
summed to l by and it is inputted to a current-voltage 
converting circuit 227 through the branch path 237. 
[0101] The current l by is converted into a voltage V by 
in the current-voltage converting circuit 227 in response 
to the feedback resistor (feedback resistance) of the 
converting circuit 227 with the reference voltage V ref as 
the reference. 

[0102] The current V by is then outputted from the l-V 
amplifier 6, that is, from the optical pick-up 3. Moreover, 
the currents tei and ls 2 are summed to IS3, and it is out- 
putted to the circuit for applying the reference voltage 
V re f f rom the '" v amplifier, that is from the optical pick-up 

3, through the branch path 238. 

[0103] In this case, since the input terminal 61 1 and 
the main path 231, the input terminal 612 and the main 
path 232, the input terminal 613 and the main path 233, 
the input terminal 614 and the main path 234, the input 
terminal 615 and the main path 235, and the input ter- 
minal 616 and the main path 236 are each in noncon- 
ductive state, no current flows in the main paths 231 to 
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236. 

[0104] As shown in Fig. 1, the voltage V by outputted 
from the optical pick-up 3 is sent to a predetermined cir- 
cuit. 

5 [01 05] When the optical disc drive 1 is in the recording 
state and the output of the laser beam irradiating the 
optical disc 2 goes to the reproduction level for forming 
a land, the quantity of reflected light from the optical disc 
2 goes to the low level, and the currents la, lb, Ic, Id, Es 1 

10 and ls 2 respectively go to the low level as shown in Fig. 

4. 

[0106] At that time, the control means 9 switches the 
level of the control signals (voltages) of the changeover 
switches to the low level (Lo). 

15 [0107] As a result, respective changeover switches 
21 1 to 216 are switched so that the input terminal 611 
(the output terminal 511) and the main path 231, the 
input terminal 612 (the output terminal 512) and the 
main path 232, the input terminal 613 (the output termi- 

20 nal 513) and the main path 233, the input terminal 614 
(the output terminal 514) and the main path 234, the 
input terminal 615 (the output terminals 515 and 517) 
and the main path 235, the input terminal 616 (the out- 
put terminals 516 and 518) and the main path 236 are in 

25 conductive state, respectively, and the input terminal 
61 1 (the output terminal 51 1) and the branch path 237, 
the input terminal 612 (the output terminal 512) and the 
branch path 237, the input terminal 613 (the output ter- 
minal 513) and the branch path 237, the input terminal 

30 614 (the output terminal 514) and the branch path 237, 
the input terminal 615 (the output terminals 515 and 
517) and the branch path 238, and the input terminal 
616 (the output terminals 516 and 518) and the branch 
path 238 are in nonconductive state, respectively, as 

35 shown in Fig. 5. 

[01 08] As a result, the currents la to ls 2 are inputted to 
the current-voltage converting circuits 221 to 226 
through the main paths 231 to 236, respectively. 
[0109] More specifically, the currents la, lb, Ic, Id, ls 1 

40 and I&2 are converted into voltages Va, Vb, Vc, Vd, Vs^ 
and Vs 2 in the current-voltage conversion parts 221, 
222, 223, 224, 225 and 226, respectively, in response to 
the feedback resistors (feedback resistances) with the 
reference voltage V ref as the reference. 

45 [01 1 0] The voltages Va to Vs 2 are outputted respec- 
tively from the l-V amplifier 6, that is, from the optical 
pick-up 3. 

[0111] In this case, since the input terminal 61 1 and 
the branch path 237, the input terminal 612 and the 

50 branch path 237, the input terminal 613 and the branch 
path 237, the input terminal 614 and the branch path 
237, the input terminal 615 and the branch path 238, 
and the input terminal 616 and the branch path 238 are 
respectively in nonconductive state, no current flows in 

55 the branch paths 237 and 238. 

[01 1 2] As shown in Fig. 1 , the voltages Va to VS2 are 
respectively inputted from the optical pick-up 3 to the 
sample-and-hold circuit 8, but these voltages simply 
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pass through the circuit 8 to be sent to prescribed cir- 
cuits. 

[0113] Next, when the optical disc drive 1 is in the 
recording state and the output level of the laser beam 
goes to the recording level again for forming a pit, the 5 
quantity of reflected light from the optical disc 2 goes to 
the high level, and the currents la, lb, Ic, Id, Is-j and ls 2 
respectively go to the high level as shown in Fig. 4. 
[0114] When the optical disc drive 1 is in the recording 
state and the output level of the laser beam is switched 10 
from the reproduction level to the recording level, the 
control means 9 lets the sample-and-hold circuit 8 oper- 
ate to hold the voltages Va to Vs 2 immediately before 
the switching of the output level. 

[01 1 5] In this way, the voltages Va to Vs 2 immediately is 
before the switching of the output level of the laser beam 
from the reproduction level to the recording level, are 
respectively held by the sample-and-hoJd circuit 8, and 
these voltages are then sent respectively to prescribed 
circuits. 20 
[0116] At this time, the control means 9 switches the 
level of the control signals (voltages) for the changeover 
switches to the high level (Hi). 

[0117] Further, as mentioned before, the voltage V by 
is sent from the optical pick-up 3 to a predetermined cir- 25 
cuit and the current ls 3 is outputted from the optical 
pick-up 3 toward a circuit to which the reference voltage 
V rGf is applied. In this state, no current flows in the main 
paths 231 to 236, as shown in Fig. 6. 
[0118] Next, when the optical disc drive 1 is in the 30 
recording state and the output level of the laser beam 
goes again to the reproduction level for forming a land, 
the quantity of reflected light from the optical disc 2 goes 
to the low level, and the currents la, lb, Ic, Id, Is-j and ls 2 
respectively go to the low level, as shown in Fig. 4. 35 
[0119] At this time, the control means 9 switches the 
level of the control signals (voltages) for the changeover 
switches to the low level (Lo). 

[0120] Thereafter, as mentioned before, the voltages 
Va to Vs 2 are respectively outputted from the optical 40 
pick-up 3 to be inputted to the sample-and-hold circuit 8, 
and no current flows in the branch paths 237 and 238, 
as shown in Fig. 5. 

[0121] In this way, when the optical disc drive 1 is in 
the recording state, and the output level of the laser 45 
beam irradiating the optical disc 2 switches from the 
recording level to the reproduction level, immediately 
after that, the control means 9 let the sample-and-hold 
circuit 8 operate not to hold the voltages Va to Vs 2 . 
[0122] As a result, the voltages Va to Vs 2 inputted to so 
the sample-and-hold circuit 8 from the optical pick-up 3 
simply pass through the circuit 8 to be sent to pre- 
scribed circuits. 

[0123] Thereafter, when the optical disc drive 1 is in 
the recording state and the output level of the laser 55 
beam being projected to the optical disc 2 is switched 
alternately between the recording level and the repro- 
duction level in that state, the system repeats the above- 



mentioned operations. 

« [01 24] The case where the optical disc drive 1 goes to 
the reproduction state again, and the case where it goes 
to the recording state again, are respectively as 
described in the above, so further description about 
them will be omitted. 

[0125] In this optical disc drive 1 , various kinds of sig- 
nal such as an HF (RF) signal, a tracking error signal, a 
focus error signal, a track loss signal (TLN signal) and a 
WOBBLE signal may be generated as needed, based 
on an arbitrary one of the voltages Va to Vs 2 . These sig- 
nals are utilized for specified controls during the record- 
ing or reproducing operation. 

[0126] Moreover, in this optical disc drive 1 , the volt- 
age V by may be utilized for a prescribed control during 
the recording operation as needed. 
[0127] As described in the above, according to the 
output control circuit (device) for the optical pick-up, 
when the output level of the laser beam being projected 
to the optical disc 2 is at the reproduction level, that is, 
when the quantity of reflected light from the optical disc 
2 is at the low level, the currents from the photodiode 5 
flow in the main paths. On the other hand, when the out- 
put level of the laser beam being projected to the optical 
disc 2 is at the recording level, that is, when the quantity 
of reflected light from the optical disc 2 is at the high 
level, the currents flow in the branch paths branched 
from the main paths via branching points. Therefore, it is 
possible to avoid the situation in which the dynamic 
ranges of respective current-voltage converting circuits 
221 to 227 of the l-V amplifiers 6 are insufficiently nar- 
row. 

[0128] In particular, when the output level of the laser 
beam during the recording operation is at the reproduc- 
tion level as well as during the recording operation, it is 
possible to obtain correct voltages Va to Vs 2 in 
response to the quantity of received light and with a rel- 
atively high level. As a result, it is possible to reliably 
perform various kinds of control during recording or 
reproducing operation, such as focus control, tracking 
control, track jump control (movement of the optical 
pick-up 3 to a target track) and decoding and the like. 
[0129] Moreover, when the output level of the laser 
beam during the recording operation is at the recording 
level, voltage V by which has a relatively high level and 
correctly responsive to the quantity of received light can 
be obtained so that it is possible to utilize V by for a pre- 
scribed control during the recording operation. 
[01 30] Moreover, in this output control device for the 
optical pick-up, when the output level of the laser beam 
during the recording operation is at the recording level, 
currents from the split photodiode 5 flow in the branch 
paths. Accordingly, in each of the waveforms for the volt- 
ages Va to Vs 2 , there is not formed a shape correspond- 
ing to the projection 34 which appears in the voltage V by 
as shown in Fig. 4. Because of this, in a circuit which 
generates a specified signal, for example, a circuit for 
generating an HF (RF) signal, a circuit for generating a 
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tracking error signal, a circuit for generating focus error 
signal, a circuit for generating a track loss (TLN) signal, 
or a circuit for generating a WOBBLE signal, it is not 
necessary to separately provide a correction circuit for 
reducing or removing the adverse effect of the projec- 
tion 34. As a result, the configuration of the circuit for 
generating such a specified signal can be simplified. 

[0131] Moreover, since this output control device for 
the optical pick-up has the sample-and-hold circuit 8, it 
is possible to perform controls at the recording and 
reproduction operations more securely and reliably. 
[0132] Moreover, in this output control device for the 
optical pick-up, the changeover switches 21 1 to 216 and 
the current-voltage converting circuits 221 to 227 are 
formed integrally, so that the number of part items can 
be reduced, and hence its assembly to the optical disc 
drive 1 can be facilitated. 

[0133] Furthermore, since the changeover switches 
211 to 216 and the current-voltage converting circuits 
221 to 227 are formed integrally, the mounting area for 
electrical parts in the optical pick-up 3 can be made rel- 
atively small, which is advantageous for the miniaturiza- 
tion of the optical pick-up 3. 

[0134] Next, a second embodiment of the output con- 
trol device for the optical pick-up according to the 
present invention will be described. 
[01 35] Fig. 7 is a circuit diagram which shows the sec- 
ond embodiment. In the following description, the points 
in common with the first embodiment will be omitted, 
and only principal differences between them will be 
described. 

[0136] As shown in the figure, in this output control cir- 
cuit, the switching section (current supply changeover 
means) 21 of the l-V amplifier 6 is composed of eight 
changeover switches 211, 212. 213, 214, 215, 216, 217 
and 218. Each of the changeover switches 21 1 to 218 is 
constructed from, for example, an analog switch. 
[0137] The operation of each of the changeover 
switches 211 to 218 is controlled by a control signal 
from the control means 9. 

[0138] The current-voltage converting means 22 is 
composed of first current-voltage converting and ampli- 
fying section comprised of eight first current- voltage 
converting circuits 221, 222, 223, 224, 225, 226, 228 
and 229, and a second current-voltage converting and 
amplifying section comprised of a second current- volt- 
age conversion circuit 227. In the following, the first and 
second current-voltage converting and amplifying sec- 
tions will simply be referred to as current-voltage con- 
verting section, respectively. 

[0139] Each of the current-voltage converting circuits 
221 to 229 is composed of a differential amplifier 
equipped with an operational amplifier. 
[0140] A reference voltage V ref of a predetermined 
level (for example, +2.5V) is applied to the non-inverting 
input terminal of each of the current-voltage converting 
circuits 221 to 229. 

[0141] Various conditions such as the amplification 



factor for each of the current- voltage converting circuits 
221 to 226, 228 and 229 are set so as to he able to con- 
vert a current outputted from a corresponding output 
terminal (light receiving region) of the split photodiode 5 
5 into a voltage with necessary and sufficient level, when 
the output level of the laser beam being projected to the 
optical disc 2 is at the reproduction level (low level), that 
is, when the quantity of reflected light from the optical 
disc 2 is at the low level. 

10 [0142] In this case, since the output level of the laser 
beam being projected to the optical disc 2 is at the 
reproduction level, the dynamic ranges of the current- 
voltage converting circuits 221 to 226, 228 and 229 are 
respectively sufficiently wide for the operation. 

15 [0143] Moreover, the various conditions such as the 
amplification factor of the current-voltage converting cir- 
cuit 227 are set so as to be able to convert the current 
outputted from the corresponding output terminal (light 
receiving region) of the split photodiode 6 correctly (with 

20 sufficient dynamic range) into a voltage, when the out- 
put level of the laser beam being projected to the optical 
disc 2 is at the recording level (high level), that is, when 
the quantity of reflected light from the optical disc 2 is at 
the high level. 

25 [0144] In this case, since the output level of the laser 
bed being projected to the optical disc 2 is at the record- 
ing level, the current-voltage converting circuit 227 is 
capable of converting a current outputted from the cor- 
responding output terminal (light receiving region) of the 

30 split photodiode 5 into a necessary and sufficient volt- 
age. 

[0145] The amplification factor of the current-voltage 
converting circuit 227 is set to be smaller than the ampli- 
fication factors of the current-voltage converting circuits 

35 221 to 226, 228 and 229. 

[0146] In this output control circuit, the currents la, lb, 
Ic, Id, le, If, Ig and Ih are outputted from the output ter- 
minals 511, 512, 513, 514, 515, 516, 517 and 518, 
respectively, and are inputted into the l-V amplifier 6 

40 through the input terminals 611, 612, 613, 614, 615, 
616, 617 and 618, respectively. 

[0147] When the output level of the laser beam being 
projected to the optical disc 2 is switched to the repro- 
duction level, the control means 9 switches the levels of 
45 the control signals (voltages) of the changeover 
switches to the low level (Lo). 

[0148] Because of this, respective changeover 
switches 21 1 to 218 are switched so that the input termi- 
nal 611 (the output terminal 511) and the main path 

so 231, the input terminal 612 (the output terminal 512) 
and the main path 232, the input terminal 613 (the out- 
put terminal 513) and the main path 233, the input ter- 
minal 614 (the output terminal 514) and the main path 
234, the input terminal 615 (the output terminal 515) 

55 and the main path 235, the input terminal 616 (the out- 
put terminal 516) and the main path 236, the input ter- 
minal 617 (the output terminal 517) and a main path 
241, and the input terminal 618 (the output terminal 
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518) and a main path 242 are in conductive state, 
respectively, and the input terminal 61 1 (the output ter- 
minal 51 1) and the branch path 237, the input terminal 
612 (the output terminal 512) and the branch path 237, 
the input terminal 613 (the output terminal 513) and the 
branch Path 237, the input terminal 614 (the output ter- 
minal 514) and the branch path 237, the input terminal 
615 (the output terminal 515) and the branch path 238, 
the input terminal 61 6 (the output terminal 516) and the 
branch path 238, the input terminal 617 (the output ter- 
minal 517) and the branch path 238, and the input ter- 
minal 618 (the output terminal 518) and the branch path 
238 are in nonconductive state, respectively, as shown 
in Fig. 7. 

[0149] As a result, the currents la to Ih are inputted to 
the current-voltage converting circuits 221 to 226, 228 
and 229 through the main paths 231 to 236, 241 and 
242, respectively. 

[0150] Then, the currents la, lb, Ic, Id, le, If, Ig and Ih 
are converted to voltages Va, Vb, Vc, Vd, Ve, Vf, Vg and 
Vh in the current-voltage converting circuits 221, 222, 
223, 224, 225, 226, 228 and 229, respectively. 
[01 51 ] The voltages Va to Vh are outputted respec- 
tively from the l-V amplifier 6, that is, from the optical 
pick-up 3, and then are inputted to the sample-and-hold 
circuit 8. 

[0152] In the meantime, since the input terminal 61 1 
and the branch path 237, the input terminal 61 2 and the 
branch path 237, the input terminal 613 and the branch 
path 237, the input terminal 614 and the branch path 
237, the input terminal 61 5 and the branch path 238, the 
input terminal 616 and the branch path 238, the input 
terminal 617 and the branch path 238, and the input ter- 
minal 618 and the branch path 238, are respectively in 
nonconductive state, no current flows in the branch 
paths 237 and 238. 

[0153] When the output level of the laser beam being 
projected to the optical disc 2 is switched to the record- 
ing level, the control means 9 switches the level of the 
control signals (voltages) of the changeover switches to 
the high level (Hi). 

[0154] As a result, respective changeover switches 
21 1 to 218 are switched so that the input terminal 61 1 
(the output terminal 511) and the main path 231, the 
input terminal 612 (the output terminal 512) and the 
main path 232, the input terminal 613 (the output termi- 
nal 513) and the main path 233, the input terminal 614 
(the output terminal 514) and the main path 234, the 
input terminal 615 (the output terminal 515) and the 
main path 235, the input terminal 616 (the output termi- 
nal 516) and the main path 236, the input terminal 617 
(the output terminal 517) and the main path 241, and 
the input terminal 618 (output terminal 518) and the 
main path 242 are in nonconductive state, respectively, 
and the input terminal 61 1 (the output terminal 51 1) and 
the branch path 237, the input terminal 612 (the output 
terminal 512) and the branch path 237, the input termi- 
nal 613 (the output terminal 513) and the branch path 



20 

237, the input terminal 614 (the output terminal 514) 
and the branch path 237, the input terminal 615 (the 
output terminal 515) and the branch path 238, the input 
terminal 616 (the output terminal 516) and the branch 
5 path 238, the input terminal 617 (the output terminal 
517) and the branch path 238, and the input terminal 
618 (the output terminal 518) and the branch path 238 
are in conductive state, respectively. 

[0155] Then, the currents la, lb, Ic and Id are summed 

10 to l by , and it is inputted to the current-voltage converting 
circuit 227 through the branch path 237. 
[01 56] The current l by is then converted into a voltage 
in the current-voltage converting circuit 227, and is out- 
putted from the l-V amplifier 6, that is, from the optical 

15 pick-up 3, to be sent to a prescribed circuit. 

[0157] Further, the currents le, If, Ig and Ih are 
summed to IS3, and it is outputted from the l-V amplifier 
6, that is, from the optical pick-up 3, through the branch 
path 238 to a circuit to be applied with the reference 

20 voltage V ref . 

[0158] In the meantime, since the input terminal 61 1 
and the main path 231, the input terminal 612 and the 
main path 232, the input terminal 613 and the main path 
233, the input terminal 614 and the main path 234, the 

25 input terminal 615 and the main path 235, the input ter- 
minal 616 and the main path 236, the input terminal 617 
and the main path 241, and the input terminal 618 and 
the main path 242 are respectively in nonconductive 
state, no current flows in the main paths 231 to 236, 241 

30 and 242. 

[0159] With the output control device of this second 
embodiment, it is also possible to obtain an effect simi- 
lar to that of the output control device of the first embod- 
iment. 

35 [01 60] Next, a third embodiment of the output control 
circuit for the optical pick-up according to this invention 
will be described. 

[0161] Fig. 8 is a block diagram showing an example 
(principal part only) of the optical disc drive equipped 

40 with the output control device for the optical pick-up 
according to this invention, and Fig. 9 is a circuit dia- 
gram showing the third embodiment of the output con- 
trol device for the optical pick-up of this invention. In the 
following description, the points in common with the first 

45 embodiment will be omitted, and only the principal dif- 
ferences from it will be described. 
[0162] As shown by these drawings, this output con- 
trol device has a photo IC 12 in which the split photodi- 
ode 5 and the l-V amplifier 6 are integrally incorporated. 

50 In this case, each anode of the split photodiode 5 is 
grounded. 

[0163] With this output control device of the third 
embodiment, it is possible to obtain an effect similar to 
that of the output control circuit of the first embodiment. 
55 [0164] Since the split photodiode 5 and the l-V ampli- 
fier 6 are integrally incorporated in this output control 
device, its assembly to the optical disc drive I is more 
facilitated and the electrical parts mounting area in the 
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optical pick-up 3 is made smaller compared with the 
case of the first embodiment. 

[0165] Next, a fourth embodiment of the output control 
device for the optical pick-up according to this invention 
will be described. 5 
[0166] Fig. 10 is a circuit diagram showing the fourth 
embodiment of the output control device for the optical 
pick-up according to this invention. In the following, the 
points in common with the second embodiment will be 
omitted, and only the principal differences between 
them will be described. 

[0167] As shown in this figure, this output control 
device also has a photo IC 12 in which the split photodi- 
ode 5 and the l-V amplifier 6 are integrally incorporated. 
In this case, each anode of the split photodiode is 
grounded. 

[0168] With this fourth embodiment of the output con- 
trol device, it is possible to obtain an effect similar to that 
of the second embodiment. 

[0169] Since the split photodiode 5 and the l-V ampli- 
fier 6 are integrally incorporated in this output control 
device, its assembly to the optical disc drive 1 is more 
facilitated and the electrical parts mounting area in the 
optical pick-up 3 can be made smaller compared with 
the case of the second embodiment. 
[01 70] The application of the output control device for 
the optical pick-up according to this invention is not lim- 
ited to the case as the output control device of the opti- 
cal pick-up for the CO-R drive described above. The 
output control device for the optical pick-up of the 
present invention can be used as the output control 
device for the optical pick-up for other optical disc drives 
for recording and reproducing writable and readable 
optical discs (optical discs having a pre-groove) such as 
CD-RW, DVD-R and DVD- RAM. 
[01 71 ] Further, the optical control device for the optical 
pick-up according to this invention may be applied to an 
output control device for an optical pick-up in various 
kinds of optical disc drives for recording and reproduc- 
ing plural kinds of optical discs, 

[0172] In the above, the optical control device for the 
optical pick-up according to this invention has been 
described in conjunction with the illustrated embodi- 
ments, but this invention is not limited to these cases 
only, and the configuration of various parts may be 
replaced by other configurations having similar func- 
tions. 

[0173] For example, in this invention, the number of 
division, namely, the number of light receiving regions, 
of the split photodiode needs not be limited to 8, and it 
may be 7 or less, or 9 or more. 

[0174] Moreover, in this invention, the light receiving 
part is not limited to a photodiode, and may be replaced 
with a phototransistor, for example. 
[0175] Moreover, either one or both of the two sub- 
beams in this invention may be eliminated. 
[0176] As described in the above, according to the 
output control device for the optical pick-up of this inven- 



tion, it is possible to prevent insufficiency in the dynamic 
range of the current-voltage converting means such as 
l-V amplifier. 

[0177] In particular, a voltage (signal) with a relatively 
high level and correctly responsive to the quantity of 
received light at the light receiving region can be 
obtained, thereby it is possible to reliably perform the 
controls during the recording and reproduction opera- 
tions. 

[0178] Moreover, when a sample-and-hold circuit 
which is capable of holding the voltages from the first 
current-voltage converting section is provided, it is pos- 
sible to more reliably perform the controls during the 
recording and reproduction operations. 
[01 79] Finally, it is to be noted that any changes and 
modifications can be made without departing from the 
split of the invention, and therefore the scope of the 
invention is not limited to the embodiments described 
above and it will be determined only by the following 
claims. 

Claims 

1 . An output control device for an optical pick-up used 
in an optical disc drive for reproducing and record- 
ing an optical disc, the optical pick-up being 
adapted to project light having a quantity of light of 
either high level or low level to the optical disc, the 
output control device comprising: 

light receiving means having a plurality of light 
receiving regions for receiving reflected light 
from the optical disc and then outputting elec- 
trical currents responsive to the quantity of light 
received at the respective light receiving 
regions; 

current-voltage converting means having a first 
current-voltage converting section for convert- 
ing the currents supplied from the light receiv- 
ing means into voltages through a 
predetermined amplification factor; and 
current supply changeover means which func- 
tions so as not to supply the currents from the 
light receiving means to the first current-volt- 
age converting section when the quantity of the 
reflected light from the optical disc is in the high 
level. 

2. The output control device for an optical pick-up as 
claimed in claim 1 , wherein the current-voltage con- 
verting means further comprises a second current- 
voltage converting section for converting at least a 
part of the currents supplied from the light receiving 
means into voltages through a predetermined 
amplification factor which is lower than that of the 
first current-voltage converting section, and the cur- 
rent supply changeover means is adapted to supply 
the Part of the currents from the light receiving 
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means to the second current-voltage converting 
section of the current-voltage converting means 
when the quantity of the reflected light from the opti- 
cal disc is in the high level. 

5 

The output control device for an optical pick-up as 
claimed in claim 2, wherein the current supply 
changeover means comprises: 7. 

main paths for supplying the currents from the 10 
light receiving means to the first current-volt- 
age converting means; 

branch paths which are respectively branched 
from the main paths at respective branch por- 
tions for supplying the currents from the light is 8. 
receiving means to a port other than the first 
current-voltage converting section; and 
selection means for selecting either of the main 
paths or the branch paths to which the currents 
from the light receiving means are to be sup- 20 
plied, wherein the selection is made by the 9. 
selection means so as to supply the currents 
from the light receiving means to the main 
paths when the quantity of reflected light from 
the optical disc is in the low level or so as to 25 
supply the currents from the light receiving 
means to the branch paths when the quantity of 
reflected light from the optical disc is in the high 
level. 

30 

The output control device for an optical pick-up as 
claimed in claim 3, wherein the light to be projected 
to the optical disc includes a main beam and sub- 
beams, and the branch path includes a first path 
connected to the second current-voltage converting 35 
section and a second path connected to a part 
other than the first and second current-voltage con- 
verting sections, in which the currents from the light 
receiving means corresponding to the main beam 
reflected from the optical disc are adapted to be 40 
supplied to the second current-voltage converting 
section through the first path when the quantity of 
light reflected from the optical disc is in the high 
level. 

45 

The output control device for an optical pick-up as 
claimed in claim 4, wherein the currents from the 
light receiving means corresponding to the sub- 
beams reflected from the optical disc are adapted 
to be outputted from the current-voltage converting so 
means through the second path without passing 
through the first and second current-voltage con- 
verting sections. 

The output control device for an optical pick-up as 55 
claimed in claim 3, wherein the selection means is 
constructed from a plurality of switches, and each 
of the switches is provided at each of the branch 



portions for selectively switching between the con- 
ducting state of the light receiving means and each 
of the main paths at the respective branch portions 
and the conducting state of the light receiving 
means and each of the branch paths at the respec- 
tive branch portions. 

The output control device for an optical pick-up as 
claimed in claim 1, further comprising a sample- 
and-hold circuit for holding voltages from the first 
current-voltage converting section when the quan- 
tity of light reflected from the optical disc is in the 
high level. 

The output control device for an optical pick-up as 
claimed in claim 1, wherein the light receiving 
means, the current- voltage converting means and 
the current supply changeover means are integrally 
formed into a single unit. 

A method for controlling output of an optical pick-up 
used in an optical disc drive for recording and 
reproducing an optical disc, the optical pick-up 
being adapted to project light having a quantity of 
light of either high level or low level to the optical 
disc, the method comprising the steps of: 

receiving light reflected from the optical disc by 
light receiving means having a plurality of light 
receiving regions and then outputting electrical 
currents responsive to the quantity of reflected 
light at the respective light receiving regions; 
and 

supplying the currents from the light receiving 
means to a first current-voltage converting sec- 
tion having a predetermined amplification fac- 
tor when the quantity of light reflected from the 
optical disc is in the low level, while supplying 
the currents from the light receiving means to a 
second current-voltage converting section hav- 
ing a predetermined amplification facto which 
is lower than that of the first current-voltage 
converting section without supplying them to 
the first current-voltage converting section 
when the quantity of light reflected from tile 
optical disc is in the high level. 



10. The method for controlling output of an optical pick- 
up as claimed in claim 9, wherein the currents from 
the light receiving means are supplied to the first 
current-voltage converting section when lands are 
to be formed during recording to the optical disc, 
while the currents from the light receiving means 
are supplied to the second current-voltage convert- 
ing section without supplying them to the first cur- 
rent-voltage converting section when pits are to be 
formed during the recording to the optical disc. 
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1 1 . The method for controlling output of an optical pick- 
up as claimed in claim 10, wherein the light to be 
projected to the optical disc includes a main beam 
and sub-beams, in which the currents from the light 
receiving means corresponding to the main beam 5 
reflected from the optical disc are adapted to be 
supplied to the second current-voltage converting 
section when the quantity of light reflected from the 
optical disc is in the high level. 

10 

12. The method for controlling output of an optical pick- 
up as claimed in claim 11, wherein the currents 
from the light receiving means corresponding to the 
sub-beams reflected from the optical disc are 
adapted to be outputted from the current-voltage 15 
converting means without passing through the first 
and second current-voltage converting sections. 
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(57) An output control device for an optical pick-up 
used in an optical disc drive for reproducing and record- 
ing an optical disc is disclosed. The optical pick-up is 
adapted to project fight having a quantity of light of 
either high level or low level to the optical disc. The out- 
put control device includes a photodiode having a plu- 
rality of light receiving regions for receiving reflected 
light from the optical disc and then outputting electrical 
currents responsive to the quantity of light at the respec- 
tive light receiving regions; a current-voltage converting 
circuit having a first current- voltage converting section 
for converting the currents supplied from the photodiode 



into voltages through a predetermined amplification fac- 
tor and a second current-voltage converting section for 
converting the currents supplied from the photodiode 
into voltages through a predetermined amplification fac- 
tor which is lower than that of the first current-voltage 
converting section; and switches which are adapted to 
supply the currents from the photodiode to the second 
current-voltage converting section when the quantity of 
the reflected light from the optical disc is in the high 
level. 
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